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η3-Cyclohexenyl and -indenyl Pt(II) andPd(II) diimine complexes, which are generated viaC-Hactiva-
tion of cyclohexene and indene byPt andPdhydroxy dimers, are selectively oxidized byBr2,Na2PtCl6, and
CuCl2 to give halogenated organic products along with well-defined Pd(II) and Pt(II) species.
Introduction
The development of practical methods for C-H bond
functionalization could have important applications in areas
ranging from fuel and commodity chemicals to pharma-
ceuticals.1 While many transition metal complexes can acti-
vate C-H bonds, controlled transformation of the resulting
organometallic species into value-added organic products
has been harder to achieve, especially with simple substra-
tes.1 The air- and water-stable complexes [(diimine)M-
(μ-OH)]2
2þ (1) and [(diimine)M(H2O)2]
2þ (2) (M = Pt or
Pd; diimine=1,3-bis(3,5-di-tert-butylphenyl)-2,3-dimethyl-
1,3-diaza-1,3-butadiene) activate a variety of allylic, benzy-
lic, and aromatic C-H bonds, leading to products includ-
ing η3-indenyl platinum (3a) and palladium (3b) and η3-
cyclohexenyl platinum (4a) complexes (Scheme 1).2,3 One
approach to catalytic functionalization based on this
chemistry could involve liberation of an organic product
by oxidation, as in the Shilov system.4 We report here that
selective oxidation of the η3-complexes 3 and 4 affords
halogenated organic products along with well-defined
Pd(II) and Pt(II) complexes. These systems thus serve
as good models for C-H bond functionalization by Pt
and Pd.
Results and Discussion
Oxidation of Indenyl and Cyclohexenyl Complexes. Addi-
tion of one equivalent of Br2 to a CD2Cl2 solution of indenyl
complex 3a or 3b at room temperature resulted in the rapid
and quantitative (by 1H NMR spectroscopy) formation of
1-bromoindene and dimeric [(diimine)M(μ-Br)]2
2þ (M= Pt
(5a), Pd (5b)) (eq 1). 5a and 5bwere fully characterized by 1H
and 13C NMR spectroscopy, high-resolution mass spectro-
metry (HRMS), andX-ray crystallography, and their forma-
tion was further confirmed by independent synthesis from
[(diimine)MBr2] (M=Pt (6a), Pd (6b)) andAgBF4 (Scheme2).
The formation of 1-bromoindene was established by 1H NMR
spectroscopy (comparison to a sample prepared by a published
procedure6) and confirmed by HRMS; its instability to the
reaction conditions precluded isolation.
When excess Br2 was added, the two indenyl complexes
exhibited somewhat different behavior. With Pd complex 3b
1H NMR spectroscopy indicated the partial conversion of
1-bromoindene into a complex mixture of the trans,trans,
trans,cis, and cis,cis isomers of 1,2,3-tribromoindane,7
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whereas with 3a the excess Br2 caused the conversion of 5a
into the Pt(IV) species [(diimine)PtBr4] (8a), whose identity
was confirmed by independent synthesis through the reac-
tion of [(diimine)PtBr2] (6a) with Br2, as well as some further
bromination of 1-bromoindene. Direct reaction of 5a with
Br2 would not lead to 8a; most probably adventitious water
present reacted with Br2 to generate HOBr and HBr,
8 with
the latter adding to 5a followed by another equivalent of Br2
(or the reverse sequence) to form 8a andHþ (Scheme 3). This
overall process requires three equivalents of Br2 (not count-
ing the Br2 consumed by reactions with 1-bromoindene);
with fewer than three (but more than one) equivalents of
Br2, mixtures of 5a and 8a are obtained. It is important to
note that when only one equivalent of Br2 is used, no more
than trace amounts of polyhalogenated indanes are formed,
so initial oxidation at the metal center is substantially
faster than subsequent oxidation of the allylic halide thus
formed.
Reaction of 3 with the milder oxidant K2PtCl6 in the
presence of methanol (to solubilize the oxidant) resulted in
quantitative formation (by 1H NMR spectroscopy) of
1-chloroindene9 and [(diimine)MCl2] (7); the reaction was
somewhat cleaner for Pd than for Pt. Compound 7 most
likely results from reaction of [(diimine)M(μ-Cl)]2
2þ (M =
Pt (9a), Pd (9b)), the initial product expected by analogy to
the Br2 chemistry, with the [PtCl4]
2- that would be generated
by reduction of [PtCl6]
2- (Scheme 4). Indeed, 9b (synthesized
from 7b by abstraction of Cl- with AgBF4) reacts with
K2PtCl4 in methanol to give 7b (and, presumably, a chloro-
(methanol)Pt(II) complex, which was not characterized);
furthermore, oxidation of 3b with two equivalents of CuCl2
(which would not provide excess Cl-) gave 9b, along with
1-chloroindene. Neither 3a nor 3b reacts with O2 or H2O2,
even at elevated temperatures. Attempts to catalyze oxida-
tion byO2withCuCl2, as in theWacker process,
10 resulted in
only stoichiometric (relative to CuCl2) conversion of 3b to 9b
and 1-chloroindene.
Similarly, addition of one equivalent of Br2 to a CD2Cl2
solution of cyclohexenyl complex 4a gave some 3-bromo-
cyclohexene (identified by comparison of the 1H NMR
spectrum to that of an authentic commercial sample) and
[(diimine)PtBr4] (8a), but a significant amount of 4a
remained unreacted. The reaction did not go to completion
until three equivalents of Br2 were added (eq 2), giving
3-bromocyclohexene in approximately 60% yield (by
NMR); only small amounts of polybrominated cyclohex-
anes (identified by NMR comparison with the reaction of
Scheme 1
Scheme 2
Scheme 3
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an authentic commercial sample of 3-bromocyclohexene)
were formed.
These observations;that 8a is the only complex observed
and that excess Br2 is required for complete conversion of
4a;suggest that Br2 oxidizes 4a considerably more slowly
than 3a and also more slowly than it subsequently oxidizes
the (presumed) initial product 5a, so that the latter is never
observed, while overbromination of 3-bromocyclohexene is
still slower. Other oxidations of 4awere similarly slower than
the corresponding reactions of 3a. The reaction of 4a with
K2PtCl6 to generate 3-chlorocyclohexene (identified by
NMR comparison with an authentic commercial sample)
and 7b took place at a reasonable rate only upon heating to
40 C, while the reaction of 4a with CuCl2 was only 50%
complete after three days at room temperature. This com-
parison suggests that the η3-indenyl ligand is a better donor
than η3-cyclohexenyl, making the metal center in 3a effec-
tively more electron-rich.
The detailed mechanism (or mechanisms: it is quite
possible that they are not all the same) of these oxidative
cleavages remains unclear at this stage. The Shilov system
proceeds via two-electron oxidation of an alkyl Pt(II) inter-
mediate by [PtCl6]
2-,11 followed by reductive elimination (via
nucleophilic attack).12 The analogous pathway for these
reactions (Scheme 5) appears reasonable, at least for the Pt
complexes; for the case of (neutral) 6a, Br2 is a sufficiently
strong oxidant to convert Pt(II) to Pt(IV). Oxidation of
Pd(II) to Pd(IV) is likely less favorable, although not un-
precedented;13 alternative pathways could involve direct
attack of either X- or Xþ on the η3-coordinated ligand or
M(0) intermediates.
Molecular Structures. X-ray diffraction quality crystals of
3bwere obtained from a saturated solution in 1:1 hexane and
CH2Cl2. The structure of 3b is shown in Figure 1, along with
selected bond distances and angles. The binding of the
diimine ligand to palladium is unexceptional, and the bulky
aryl substituents are oriented perpendicular to the
Pd-N-C-C-N plane. The coordination of the indenyl
ligand to palladium is more interesting; the data suggest a
hapticity intermediate between η3 and η5. Three parameters
are typically used to measure the extent of indenyl “ring
slippage” in transition metal complexes: ΔM-C (here equal
to 0.5{M-C(33) þ M-C(38)} - 0.5{M-C(39) þ M-C-
(41)}), the hinge angle (between the {C(39)-C(40)-C(41)}
and {C(39)-C(41)-C(33)-C(38)} planes), and the fold
Scheme 4
Scheme 5
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angle (between the {C(39)-C(40)-C(41)} plane and the six-
membered ring plane).14 In 3b these values are ΔM-C =
0.3 A˚, hinge angle = 15.5, and fold angle = 9.82. Similar
values have been reported for Ni(indenyl)2,
15 which is con-
sidered to be the stereotypical example of an intermediate
hapticity indenyl complex.
Structures of the related compounds 5a, 5b, and 9b are
shown in Figure 2, along with selected bond distances and
angles. Although these complexes all have normal coordina-
tion geometries and bond lengths and angles, some general
trends may be observed. The differences between 5a and 5b
are small and consistent with the ionic radius of Pt(II) being
slightly smaller than that of Pd(II)16 (Pd-N = 2.010(3),
2.015(3) A˚; Pt-N= 1.992(2), 2.001(2) A˚), while the Pd-Br
and Pt-Br distances are identical within error. Both the
N-Pt-N (78.56(8)) and the Br-Pt-Br (83.916(10)) bond
angles are slightly contracted, compared with N-Pd-N
(79.61(14)) and Br-Pd-Br (84.337(19)), respectively.
Compounds 5b and 9b are isostructural and have essen-
tially identical Pd-N bond lengths. The Pd-Cl bonds
in 9b are shorter than the Pd-Br bonds in 5b, which is
consistent with the differences in size between the halogen
atoms.
Conclusions
We have shown that several strong oxidants are able to
liberate functionalized organic products from organoplati-
num and -palladium species obtained by C-H activation. In
most cases the process regenerates well-defined platinum(II)
and palladium(II) halide complexes, which in principle could
be reconverted to hydroxy dimers by salt metathesis, in effect
closing a catalytic cycle for the conversion of cyclohexene
Figure 1. Structure of [(diimine)Pd(indenyl)]þ (3b). AllH atoms,
the C atoms of the tert-butyl substituents on the aryl rings, and
the BF4
- counterion were omitted for clarity. Selected bond
distances (A˚) and angles (deg): Pd(1)-N(1) 2.035(5), Pd(1)-N(2)
2.039(4), Pd(1)-C(41) 2.157(5), Pd(1)-C(39) 2.171(6), Pd-
(1)-C(40) 2.193(5), Pd(1)-C(33) 2.479(5), Pd(1)-C(38)
2.479(6), N(1)-Pd(1)-N(2) 77.77(19), C(41)-Pd(1)-C(39)
62.9(2), C(41)-Pd(1)-C(40) 37.56(19).
Figure 2. Structures of [(diimine)Pt(μ-Br)]2
2þ (5a) (a), [(diimine)-
Pd(μ-Br)]2
2þ (5b) (b), and [(diimine)Pd(μ-Cl)]2
2þ (9b) (c). All H
atoms, the C atoms of the tert-butyl substituents on the aryl rings,
and the BF4
- counterion were omitted for clarity. Selected bond
distances (A˚) and angles (deg) of 5a: Pt(1)-N(2) 1.992(2), Pt-
(1)-N(1) 2.001(2), Pt(1)-Br(1) 2.4386(3), Pt(1)-Br(1A) 2.4415(3),
N(2)-Pt(1)-N(1) 78.56(8), N(2)-Pt(1)-Br(1) 177.36(6), N(1)-
Pt(1)-Br(1) 98.85(6), N(2)-Pt(1)-Br(1A) 98.66(6), N(1)-Pt-
(1)-Br(1A) 177.09(6), Br(1)-Pt(1)-Br(1A) 83.916(10); of 5b:
Pd(1)-N(1) 2.010(3), Pd(1)-N(2) 2.015(3), Pd(1)-Br(1)
2.4447(6), Pd(1)-Br(1A) 2.4401(6), N(1)-Pd(1)-N(2) 79.61(14),
N(1)-Pd(1)-Br(1A) 177.40(10), N(2)-Pd(1)-Br(1A) 97.82(10),
N(1)-Pd(1)-Br(1) 98.23(10), N(2)-Pd(1)-Br(1) 177.84(10), Br-
(1A)-Pd(1)-Br(1) 84.337(19); of 9b: Pd(1)-N(2) 2.004(2), Pd(1)-
N(1) 2.029(2), Pd(1)-Cl(1) 2.3512(7), Pd(1)-Cl(1A) 2.3330(7),
N(2)-Pd(1)-N(1) 79.10(9), N(2)-Pd(1)-Cl(1A) 177.81(7), N-
(1)-Pd(1)-Cl(1A) 98.81(7), N(2)-Pd(1)-Cl(1) 98.10(7), N(1)-
Pd(1)-Cl(1) 177.11(7), Cl(1A)-Pd(1)-Cl(1) 83.98(3).(14) Zargarian, D. Coord. Chem. Rev. 2002, 233-234, 157.
(15) Westcott, S. A.; Kakkar, A. K.; Stringer, G.; Taylor, N. J.;
Marder, T. B. J. Organomet. Chem. 1990, 394, 777.
(16) Shannon, R. D. Acta Crystallogr., Sect. A: Found. Crystallogr.
1976, A32, 751.
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and indenes into halogenated products. Practical catalytic
hydrocarbon functionalization will require a system that
works with oxidants such as hydrogen peroxide or O2,
leading to direct regeneration of the hydroxo or aquo com-
plexes (and, perhaps, formation of alcohols or other oxy-
genates instead of organic halides), as well as extension of the
range of C-H bonds that can be activated, ultimately to
include simple alkanes.
Experimental Section
General Methods. Unless otherwise stated all reactions were
performed under an atmosphere of air. The η3-complexes 3a, 3b,
and 4a and the dichloride complexes 7a and 7bwere synthesized
according to previously reported literature procedures.2 All
reagents were commercially obtained and used without further
purification. In all large-scale reactions Omnisolv HPLC grade
solvents were used without drying. Dichloromethane-d2 and
methanol-d4 were purchased from Cambridge Isotope Labora-
tories and used as received. 1H and 13C NMR spectra were
recorded at ambient temperature (approximately 21 C) using a
Varian Mercury 300 MHz or Varian Inova 500 MHz spectro-
meter (all 1H spectra were recorded at 300MHz), equipped with
the VNMRJ software program, version 2.2d. The data are
reported by chemical shift (ppm) from tetramethylsilane, multi-
plicity (s, singlet; d, doublet; t, triplet; m, multiplet; dd, doublet
of doublets; dt, doublet of triplets), coupling constants (Hz), and
integration.All 13CNMRdatawere collected proton-decoupled
(13C{1H}), except where specified. Mass spectra were acquired
on a Finnigan LCQ ion trap or Agilent 5973 Network mass
selective detector and were obtained by peak matching. X-ray
crystallographic data were collected on a Bruker KAPPA
APEX II instrument, with the crystals mounted on a glass fiber
with Paratone-N oil. Structures were determined using direct
methods as implemented in the Bruker AXS software package,
and crystal and refinement data for 3b, 5a, 5b, and 9b are given in
Table 1.
General Procedure for Oxidation Reactions. The following
procedures are representative examples of oxidation reactions
on both small and large scales. Analogous procedures were used
for reactions with Pd starting materials and other oxidants.
Small-Scale Reactions of [(Diimine)Pt(cyclohexenyl)][BF]4
(3a) and [(Diimine)Pt(indenyl)][BF]4 (4a) with Br2. [(Diimine)-
Pt(cyclohexenyl)]þ (3a) (13 mg, 16 μmol) was weighed out and
dissolved in 600 μL of CD2Cl2 in an NMR tube. Br2 (1.6 μL,
32 μmol) was added via microliter syringe, and tetramethylsi-
lane (5.0 μL, 37 μmol) was also added as an internal standard.
The reaction was monitored by 1H NMR spectroscopy; at the
end of the reaction, 3a, [(diimine)PtBr4] (8a), and 3-bromo-
cyclohexene were present. When another equivalent of Br2 was
added only 8a and 3-bromocyclohexene were present.
[(Diimine)Pt(indenyl)]þ (4a) (13.9 mg, 16.2 μmol) was
weighed out and dissolved in 600 μL of CD2Cl2 in an NMR
tube. Br2 was added via microliter syringe in 0.5 equivalent
(0.4 μL, 7.8 μmol) increments. After one equivalent was added
1H NMR spectroscopy revealed the major product to be
[(diimine)Pt(μ-Br)]2 (5a), and mass spectroscopy revealed the
presence of 1-bromoindene. After three equivalents of Br2
were added the only Pd-containing product present was
[(diimine)PtBr4] (8a).
Large-Scale Reaction of [(Diimine)Pt(cyclohexenyl)][BF]4
(3a) with Br2. [(Diimine)Pt(cyclohexenyl)]
þ (3a) (102 mg,
124 μmol) was weighed out and dissolved in 5 mL of CD2Cl2
in a 20mL scintillation vial. Br2 (13 μL, 248 μmol) was added via
microliter syringe. 1H NMR spectroscopy indicated that the
ratio of product to starting material was 3:1. The solution was
filtered through glass filter paper and concentrated to approxi-
mately 0.5 mL under reduced pressure. Hexanes were added to
the solution until a precipitate formed. The brown solid was
collected by filtration over a B€uchner funnel to give 101 mg of a
3:1 mixture of [(diimine)PtBr4] (8a) and [(diimine)PtBr2] (6a).
3-Bromocyclohexene was observed by 1H NMR in 60 ( 10%
yield by integration against an internal standard; a more accu-
rate determination of yield was precluded by the instability of
3-bromocyclohexene.
[(Diimine)Pt(μ-Br)]2[BF4]2 (5a). [(Diimine)PdBr2] (6a) (21mg,
26 μmol; preparation below) and silver tetrafluoroborate (5 mg,
26 μmol) were weighed out and transferred to a 20 mL vial
equipped with a stir bar. To these solids were added CH2Cl2
and THF (each 5 mL), and the suspension was stirred for 1 h at
room temperature. The solution was filtered to remove AgBr,
and the volatiles were removed under reduced pressure. The
remaining solid was dissolved in methanol, the solution was
filtered, and the solvent was removed under reduced pressure.
The resulting yellow solid was dissolved in the minimum
amount of CH2Cl2, and hexane was added until a precipitate
formed. The precipitate was collected by filtration, washed with
hexane, and dried in vacuo to give 5a as a yellow powder (yield:
14 mg, 65%).
1H NMR (dichloromethane-d2): δ 7.33 (t,
4J(H,H) = 1.7,
4H), 7.00 (d, 4J(H,H) = 1.7, 8H), 2.02 (s, 12H), 1.23 (s, 72H).
Table 1. Crystal and Refinement Data for Complexes 3b, 5a, 5b, and 9b
3b 5a 5b 9b
empirical formula [C41H55N2Pd]
2þ
[BF4]
-
[C64H96N4Br2Pt2]
2þ
2[BF4]
-
32(CH2Cl2)
[C64H96N4Br2Pd2]
2þ
2[BF4]
-
3 6(CH2Cl2)
[C64H96N4Cl2Pd2]
2þ
2[BF4]
-
3 6(CH2Cl2)
fw 769.08 1814.92 1977.24 1888.32
temperature (K) 100(2) 100(2) 100(2) 100(2)
a (A˚) 15.5924(9) 31.4961(15) 10.8238(8) 10.8151(9)
b (A˚) 10.1874(5) 12.4942(6) 14.2654(10) 14.1838(12)
c (A˚) 25.7509(13) 19.3944(10) 16.1568(10) 16.1254(13)
R (deg) 90 90 70.601(3) 71.201(2)
β (deg) 99.400(3) 92.389(2) 74.007(3) 74.183(2)
γ (deg) 90 90 73.310(3) 73.886(2)
volume (A˚3) 4035.5(4) 7625.4(6) 2208.7(3) 2203.6(3)
Z 4 4 1 1
cryst syst monoclinic monoclinic triclinic triclinic
space group P21/n C2/c P1 P1
dcalc (Mg/m
3) 1.266 1.581 1.487 1.423
θ range (deg) 2.15 to 26.37 1.75 to 29.36 2.00 to 26.78 1.55 to 33.73
μ (mm-1) 0.507 4.912 1.731 0.889
abs corr none none none none
GOF 1.105 1.371 1.648 1.539
R1,
a wR2
b [I > 2σ(I)] 0.0610, 0.0618 0.0261, 0.0479 0.0451, 0.0841 0.0553, 0.1029
a R1 =
P
)Fo| - |Fc )/
P
|Fo|.
b wR2 = [
P
[w(Fo
2 - Fc2)2]/
P
[w(Fo
2)2]1/2.
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13C{1H} NMR (126 MHz, dichloromethane-d2): δ 183.8 (4C),
153.4 (8C), 143.7 (4C), 123.8 (4C), 117.7 (8C), 35.7 (8C), 31.6
(24C), 21.1 (4C). HRMS for [C64H96Br2N4Pt2]
þ: calcd 1470.528
g/mol, found 1470.525 g/mol. Anal. Calcd (C64H96B2Br2-
F8N4Pt2) (%): C, 46.73; H, 5.88; N, 3.41. Found: C, 46.87; H,
5.69; N, 3.36.
[(Diimine)Pd(μ-Br)]2[BF4]2 (5b). [(Diimine)PdBr2] (6b) (30
mg, 41 μmol; preparation below) and silver tetrafluoroborate
(8 mg, 41 μmol) were weighed out in a 20 mL vial equipped with
a stir bar. To these solids were added CH2Cl2 and THF (each
5 mL), and the suspension was stirred for 2 h at room tempera-
ture. The solution was filtered and the solvent removed from the
filtrate under reduced pressure. The resulting yellow solid was
dissolved in the minimum amount of CH2Cl2, and hexane was
added until a precipitate formed. The precipitate was collected
by filtration, washedwith hexane, and then dried in vacuo to give
5b as a yellow powder (yield 7 mg, 26%).
1H NMR (dichloromethane-d2): δ 7.30 (4H), 6.93 (8H), 2.15
(s, 12H), 1.21 (s, 72H). 13C{1H} NMR (75 MHz, dichloro-
methane-d2): δ 184.6 (4C), 153.1 (8C), 144.8 (4C), 123.5 (4C),
117.1 (8C), 35.6 (8C), 31.5 (24C), 21.4 (4C). HRMS for
[C64H96Br2N4Pd2]
þ: calcd 1294.407 g/mol, found 1294.409 g/
mol. Anal. Calcd (C64H96B2Br2F8N4Pd2) (%): C, 52.37;H, 6.59;
N, 3.82. Found: C, 52.18; H, 6.53; N, 3.70.
[(Diimine)PtBr2] (6a). [(Diimine)PtCl2] (7a) (119 mg, 0.16
mmol) and tetrabutylammonium bromide (1.01 g, 3.1 mmol)
were weighed out and combined in a 100 mL round-bottom
flask equippedwith a stir bar. To these solids was addedCH2Cl2
(30 mL), and the suspension was stirred for 12 h at room
temperature. The solvent was removed under reduced pressure
and the remaining solid suspended in methanol (20 mL) and
filtered. 1H NMR spectroscopy showed the precipitate to be a
mixture of [(diimine)PtCl2] and [(diimine)PtBr2]. The above
procedure was repeated seven times, until only [(diimine)-
PtBr2] remained. 6a was isolated as a yellow powder (yield:
100 mg, 80%).
1HNMR (dichloromethane-d2): δ 7.41 (t,
4J(H,H)=1.7, 2H),
6.95 (d, 4J(H,H) = 1.7, 4H), 1.70 (s, 6H), 1.37 (s, 36H). 13C{1H}
NMR (126MHz, dichloromethane-d2): δ 177.2 (2C), 151.8 (4C),
146.3 (2C), 122.4 (2C), 118.3 (4C), 35.6 (4C), 31.6 (12C), 21.5
(2C). HRMS for [C32H48Br2N2Pt]
þ: calcd 816.1890 g/mol, found
816.1851 g/mol. Anal. Calcd (C32H48Br2N2Pt) (%): C, 47.12; H,
5.93; N, 3.43. Found: C, 47.21; H, 6.10; N, 3.36.
[(Diimine)PdBr2] (6b). [(Diimine)PdCl2] (7b) (250 mg, 0.39
mmol) and tetrabutylammonium bromide (1.26 mg, 3.9 mmol)
were weighed out in a 100 mL round-bottom flask equipped
with a stir bar. To these solids was added CH2Cl2 (30 mL), and
the suspension was stirred for 12 h at room temperature. The
solvent was removed under reduced pressure and the remain-
ing solid suspended in methanol (20 mL) and filtered. 1H
NMR spectroscopy showed the precipitate to be a mixture of
[(diimine)PdCl2] and [(diimine)PdBr2]. The above procedure
was repeated seven times, until only [(diimine)PdBr2] remained.
6b was isolated as a yellow powder (yield: 100 mg, 35%).
1H NMR (dichloromethane-d2): δ 7.38 (2H), 6.88 (4H), 2.11
(s, 6H), 1.36 (s, 36H). 13C{1H} NMR (75 MHz, dichloro-
methane-d2): δ 177.9 (2C), 151.8 (4C), 146.2 (2C), 122.1 (2C),
117.5 (4C), 35.5 (4C), 31.6 (12C), 21.5 (2C). HRMS for
[C32H48Br2N2Pd]
þ: calcd 726.1227 g/mol, found 726.1199
g/mol. Anal. Calcd (C32H48Br2N2Pd) (%): C, 52.87; H, 6.66;
N, 3.85. Found: C, 53.15; H, 6.86; N, 3.88.
[(Diimine)PtBr4] TetrabromoplatinumComplex (8a). [(Diimine)-
PtBr2] (6a) (22.4 mg, 27.5 μmol) was placed in a vial with 10mL of
CH2Cl2 and a stir bar. A solution of bromine (1.6μL, 31.2 μmol) in
approximately0.5mLofCH2Cl2wasaddedwhile stirring; the color
immediately changed from dark brown-orange to golden yellow.
The solvent was removed under reduced pressure, the resulting
yellow solid was dissolved in theminimum amount of CH2Cl2, and
hexane was added until a precipitate formed. The precipitate was
collected by filtration, washed with hexane, and then dried to give
8a as a yellow powder (yield: 22.4 mg, 83%).
1H NMR (dichloromethane-d2): δ 7.38 (t,
4J(H,H) = 1.6,
2H), 6.88 (d, 4J(H,H)= 1.6, 4H), 2.11 (s, with Pt satellites 4J(Pt,
H) = 9.0, 6H), 1.36 (s, 36H). 13C{1H} NMR (75 MHz, dichlor-
omethane-d2): δ 182.0 (2C), 152.7 (4C), 143.5 (2C), 124.0 (2C),
117.9 (4C), 35.6 (4C), 31.5 (12C), 24.1 (2C). HRMS for
[C32H48Br4N2Pt]
þ: calcd 976.0158 g/mol, found 976.0152
g/mol. Anal. Calcd (C32H48Br4N2Pt) (%): C, 39.40; H, 4.96;
N, 2.87. Found: C, 39.96; H, 4.32; N, 2.90.
[(Diimine)Pd(μ-Cl)]2 [BF4]2(9b). [(Diimine)PdCl2] (7b) (40
mg, 63 μmol) and silver tetrafluoroborate (12 mg, 63 μmol)
were weighed out in a 20 mL vial equipped with a stir bar. To
these solids were added CH2Cl2 and THF (each 5 mL), the
suspension was stirred for 2 h at room temperature and filtered,
and the solvent was removed under reduced pressure. The
resulting yellow solid was dissolved in the minimum amount
of CH2Cl2, and hexane was added until a precipitate formed.
The precipitate was collected by filtration, washed with hexane,
and dried in vacuo to give 9b as a yellow powder (yield: 6 mg,
16%).
1H NMR (dichloromethane-d2): δ 7.32 (4H), 6.95 (8H), 2.14
(s, 12H), 1.20 (s, 72H). 13C{1H} NMR (75 MHz, dichloro-
methane-d2): δ 185.0 (4C), 153.1 (8C), 143.8 (4C), 123.7 (4C),
117.4 (8C), 35.5 (8C), 31.5 (24C), 21.3 (4C). HRMS for
[C64H96Cl2N4Pd2]
þ: calcd 1204.503 g/mol, found 1204.509 g/
mol. Anal. Calcd (C64H96B2Br2F8N4Pd2) (%): C, 55.75;H, 7.02;
N, 4.06. Found: C, 55.48; H, 6.99; N, 4.08.
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